We studied the outcome of syngenic skeletal muscle precursor cells (MPCs) implanted in the striated urethral sphincter of the female rat. These cells were injected at the site of a longitudinal sphincterotomy performed 21 days before implantation. MPCs were isolated from the striated hindlimb muscles of syngenic adult rats and were infected with a retrovirus carrying the gene for either the green fluorescent protein (GFP) or the β-galactosidase enzyme (β-gal). MPCs (2 × 10 5 ) were injected longitudinally at the site of the lesion in 48 animals using a 10-µl Hamilton syringe. Then the whole urethras were excised from 2 h up to 90 days for cross section immunocytochemistry analysis. All the urethras exhibited connective tissue in place of the injury of the striated fibers. Two hours after injection a cluster of small round basophilic cells was observable at the site of injection and some of them expressed GFP or β-gal. A few GFP-and β-gal-positive cells were already detectable 7 days after injection. A large amount of injected cells probably died after injection. Many striated fibers of the urethra became GFP positive from day 7 until day 21, suggesting that few MPCs were allowed to incorporate the divided extremities of the striated fibers from day 7. Unfortunately, we did not observe centronucleated regenerated fibers in this experiment.
INTRODUCTION
cle injury, when regeneration results from their activation (26). After extraction from muscle biopsies MPCs may be cultivated in vitro. When grafted in normal stri-The frequency of urinary incontinence constitutes a public health problem due to the aging of the population ated skeletal muscle, these cultivated cells currently fuse with host muscle fibers (19) . (8) . Sphincteric deficiency is the most common cause of urinary incontinence (2), mainly due to obstetric trauma We showed previously that longitudinal sphincterotomy caused definitive incontinence by irreversibly de-in women and pelvic surgery in men. Various treatments may be proposed to improve sphincteric deficiency stroying the striated sphincter muscle fibers. A 45% decrease of the closure pressure was observed 21 days when physiotherapy is not satisfactory. Unfortunately, the injection of bulking agents or the implantation of after the sphincterotomy. At this time, 5 × 10 3 to 2 × 10 5 injected MPCs at the sphincterotomy site returned the materials as slings or artificial sphincters have temporary effects or are poorly effective. Thus, the door is closure pressure to near normal value 21 days following cell transfer (21) . In the present study, we were inter-opened to imagine new therapies to gain more satisfactory results. Among the innovative perspectives, cell ested in analyzing the outcome of MPCs when they are implanted in the scar of injured striated urethral sphinc-therapy consisting in autologous transplantation of muscle precursor cells (MPCs) either to improve the contrac-ter in female rats up to 90 days. For this purpose, MPCs were engineered during culture to express either the tion power of the striated urethral sphincter or to obtain a bulk effect is under study in several research groups green fluorescent protein (GFP) or the β-galactosidase enzyme (β-gal). (4,5, 11, 13, 17) . The first clinical applications have been recently published (16, 18, 28) . MPCs, so-called satellite MATERIALS AND METHODS cells, are located between the sarcolemma and the extra-Animals, Surgery, and MPC Implantation cellular matrix of adult striated muscle fibers (15) . They contribute to muscle growth during infancy (26) and
Experiments were performed on 48 Wistar female rats (250-300 g) purchased from the Centre d'Elevage they are quiescent (25) in adults except following mus-1194 BIÉ RINX AND SEBILLE Depré (St Doulchard, France) and housed in plastic on standard slides with mowiol 4-88 (Calbiochem, UK). The revelation of β-gal expression was made at room cages in our own animal facility with water and cube diet (A03, SAFE, Villemoisson, France) ad libitum and temperature. After PBS rinsing, coverslips were incubated for 4 h at 37°C with a 950-µl PBS solution con-natural night and day cycle. All procedures were conducted according to the National Institute of Health's taining 10 µl 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-gal), 20 µl potassium ferricyanide, 20 µl guidelines. The surgical procedures were performed under pentobarbital anesthesia (30 mg/kg body weight). potassium ferrocyanide, 1 µl MgCl 2 (24) . After rinsing, coverslips were quickly hematoxylin counterstained and Anesthetized animals were sacrificed by cervical dislocation. Longitudinal section of the left side of the stri-mounted as above. All the series were observed in fluorescent or photonic microscopy and positive cells for ated sphincter above the pedicular fascicle was done in the urethro-vaginal connective space with microsurgical GFP or β-gal were counted in each cross section. In each urethra, the count of the 10 series was added to assess scissors under microscope from the bladder-urethra junction to the most distal part of the urethra visible the surviving injected cells in relation to the time. behind the pubic bone. Special attention was given to RESULTS cut only the external sphincter but not the internal one nor the urethral epithelium. Twenty one days later, 2 × As shown in Figure 1A , the cells were easily observable 2 h after injection on H&E-stained sections. They 10 5 MPCs suspended in 10 µl frozen DMEM solution (10% DMSO added) were quickly thawed and injected constituted a compact cluster inside the fibrous tissue developed after the longitudinal section of the striated with a 10-µl Hamilton syringe. The needle was inserted at the bladder neck and pushed to the pubis bone in the urethral sphincter. They appeared as small basophilic rounded cells with a reduced sarcoplasm surrounding the striated sphincter above the pedicular fascicle. The injection was done while the needle was gently pulled nucleus. This aspect is very similar to that of the myoblasts observed in early regenerating muscle. When we back. The rats were randomized in two groups of 24: the first received MPCs engineered for GFP and the second considered the GFP or the β-gal expressions of these cells, they were less numerous ( Fig. 1B, C) . This sug-engineered for β-gal.
gested that a number of cells either did not express the Purification of MPCs reporter gene or did not survive to the thawing or the injection. This last hypothesis is indicated by the com-MPCs from syngenic young female rats (to avoid immune rejection after grafting) (22, 23) were cultivated parison of the hematoxylin staining in Figure 1C and D. Two hours after injection, the cluster of cells showed a and the myogenic lineage of the infected cells was determined by a clonal assay (21) . They were infected with mixture of basophilic cells from which some expressed β-gal (Fig. 1C ). Twenty-four hours after injection, only a VsVg Moloney virus encoding of GFP or β-gal under the control of PGK promoter by Celogos (Evry, France). cells expressing β-gal were seen; the others had been rejected ( Fig. 1D ). Histology Table 1 gives a qualitative evaluation of the surviving cells by counting the total number of cells expressing Animals were sacrificed 2, 24, 36, 48, 72 h, and 5, 7, 10, 14, 21, 30, and 90 days after MPCs implantation.
GFP or β-gal in all the series of cross sections performed in each muscle and it seems that cells did not The bladder neck, the urethra, and the anterior vaginal wall were removed as a single bloc. The tissues were survive more than 7 days in a connective environment. The table also shows a great variation of the number of snap frozen in isopentane cooled with liquid nitrogen. Cross sections (10 µm thick) were cut using a cryostat observable cells between the muscles and the dates of removal after injection. This could be due to the vari-at −25°C and coated on silanized coverslips. For each urethra, 10 series of six serial sections were performed ability of cell survival but also to the conditions of thawing. Five days after injection, cells were observed near every 500 µm from the bladder to the meatus. The first section of the series was hematoxylin and eosin (H&E) the striated urethral fibers (Fig. 1F, G) , leading to GFP fluorescence of a few striated fibers probably due to stained to observe the urethra structure, especially the effect of the longitudinal section. The next two sections some injected MPC incorporation. This fluorescence concerned almost all the striated fibers at day 7 (Fig. were dedicated to GFP and β-gal localization. The last three sections were stored at −20°C in case of need. To 1H) but β-gal-stained nuclei were always observable in the fibrous tissue at this time point (Fig. 1I ). As shown visualize GFP, the coverslips were cooled at the temperature of the cryostat to avoid GFP diffusion in the whole in Table 1 , fluorescent fibers were visible from day 5 to day 21 but not later. Twenty-one days after injection, section. Without drying, they were placed in formaldehyde vapors at −20°C for 12 h for tissue fixation (10) .
only striated fibers were fluorescent and this fluorescence diffused in the length of the fibers. No regenerated Then at ambient temperature, coverslips were mounted fibers were seen at the site of the lesion and the fluores-showed an increased number and a greater diameter of the regenerated myofibers after grafting. Moreover, in-cence did not involve the smooth muscle sphincter (Fig.  1J) . The hypothesis of the cellular incorporation is indi-jected MPCs were claimed located inside the striated sphincter on the basis of the vital PKH 26 staining of cated by Figure 1K and L where a few β-gal-expressing nuclei seemed located inside a longitudinally sectioned their membranes. The authors concluded that injected MPCs could repair injured urethral sphincter through the striated fiber 30 days following injection. This observation was done in a single urethra. Ninety days after in-formation of new myofibers. It is well known that myotoxic skeletal muscle lesions always regenerate ad inte-jection, neither GFP fluorescence nor β-gal was detectable (Table 1) . grum within 1 month using their own MPCs present in the muscle. Moreover, it is not possible to detect MPCs DISCUSSION incorporated into regenerating fibers on the basis of their staining with dyes such as PKH 26, which diffuse to all The demonstration that satellite cells can fuse with host myofibers when grafted in a normal muscle was the adjacent membranes in vivo. A recent work concerning the dose dependence between functional changes done in 1978 by Partridge et al. (19) . Since this time several clinical applications were attempted in muscular and the number of injected allogenic cells stained with the same dye in normal porcine urethra is subject to the dystrophies (27) and myocardial dysfunction (1) with reserved results. In 2001, the first attempt of injecting same commentary (17) . On the basis of these histological results and of experimental measurements of leak skeletal striated MPCs in the urinary tract was done to research a bulk effect more effective than the injection point pressure following MPC implantation in rat and pig (6, 7, 12, 14) , the first clinical trial was performed to of bovine collagen. Yokoyama et al. (32) observed a large number of cells expressing β-gal in the bladder and treat stress urinary incontinence in women between 2002 and 2004 (28). urethra wall 3 and 30 days after their injection, while a scant bovine collagen was detectable. Later, Yiou et al.
After having done an anatomical description of the urethra in female rat (22) , we proposed a model of ure- (31) autografted MPCs in urethras of female mice previously injured with a myotoxic phospholipase A2. His-thral sphincter deficiency and we showed its functional improvement following autologous MPC grafting (21) . tological examinations carried out 1 month after injury To explain this result we implanted 2 × 10 5 syngenic (22, 30) . The green fluorescence of the fibers is assumed to result from the incorporation of the GFP-engineered MPCs engineered to express GFP in intact urethral sphincters. We observed a cluster of MPCs up to 7 days cells and not from autofluorescence, which can be a deleterious artifact in skeletal muscle; indeed type I fibers after the injection and striated fibers became fluorescent from day 10 up to 3 months (20) . We suggested that were demonstrated to be spontaneously fluorescent (9) . But the striated urethral sphincter contains almost exclu-some injected cells incorporated selectively into intact striated myofibers, as it is the case during development sively type II fibers (22) and no fibers were seen fluorescent in the early days following injection. Ninety days and growth (26) but not into the smooth muscle layer. MPCs that did not incorporate striated myofibers did not after injection the immunogenicity of GFP and β-gal proteins probably light off the expression of both the stay quiescent in the striated and smooth layers of the sphincter and were rejected, although they were syngenic.
reporter genes. On the other hand, we never observed alignment of β-gal-stained nuclei in longitudinal sec-The aim of this second study was to determine the fate of syngenic MPCs delivered in the scar of the ure-tions of fibers or their central position in cross-sectioned fibers. The number of surviving cells was probably too thra resulting from a longitudinal section of the striated muscular layer as was done in the functional study (21) . small to generate myotubes, and fibers did not regenerate inside the connective scar, in contrast with previous Two gene reporters were used to gain further information: cells expressing GFP are a tool to identify striated reports describing such a regeneration (3). In summary, from 2 × 10 5 MPCs injected at the site fibers in which MPCs incorporate because they become fluorescent due to the presence of the highly diffusible of a urethral lesion only a small amount of them survived. The fate of some of these cells was to migrate to protein GFP in their cytoplasm; cells expressing β-gal, generally restricted to the nuclei, are a tool to detect be incorporated in the divided extremities of the striated fibers of the urethra. No fiber regeneration or MPC sur-the location of the MPCs. Two hours after injection the number of cells expressing GFP in the scar was largely vey as bulking agent was observed 21 days after injection and after. smaller than the total number of H&E-stained cells and this number was more reduced when one considers cells REFERENCES expressing β-gal ( Fig. 1A-C) . This observation suggests a reduced GFP transfection and a poor one by β-gal
